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Executive Summary

The entrance test program for Master’s training program 03.04.02 in Physics, «Theoretical Physics» profile was developed in accordance with the requirements of the Federal State Educational Standard for higher educational institutions.

The entrance tests are carried out in a form of the interview aimed to reveal applicant’s abilities in one of the Master’s training programs.
Assessment criteria
The applicants’ answers are assessed according to the 5-point system.

5 «Excellent»

The applicant shows a high level of theoretical knowledge, as well as competence in practical aspects. During the interview the applicant refers to the classical studies and works of contemporary researchers; demonstrates the ability to explain facts and phenomena in a conclusive manner and capable to identify cause-and-effect and cross-curriculum links.

The applicant approaches scientific information critically, and conclusively forms his/her opinion. The answer is logically constructed; the speech is literate with sensible use of general scientific and professional terminology. The applicant shows no hesitation in answering the questions.

4 «Good»

The applicant shows rather high level of theoretical knowledge and understands special terms. During the interview, he/she refers to the classical generally acknowledged studies and works of modern researches. The applicant shows the ability to explain facts and phenomena in a conclusive manner, however, some inaccuracies can took place but weak spots that can be fixed by additional clarifying questions. The answers are illustrated by one’s own observations, examples from educational practical activity; cross-curriculum connections are traced. In general, the answer can be characterized by logical sequence in the presentation of the material; speech is professionally literate; the answers are detailed and correct.

3 «Satisfactory»

The applicant knows the basic material, but faces dome difficulties in an unassisted presentation; he/she answers the questions with a help of additional clarifications by an interviewer. The applicants has some difficulties in explaining facts and processes; he/she refers to the classical studies and works of modern researchers, but not in a full extend; cross-curriculum  connections are almost absent; the logic of the answers is failed. After additional leading question, the applicant is able to expresses his own judgments about the issues of discussion, but shows an insufficiently formed professional position; he/she struggles to support the theoretical positions with concrete examples, but these difficulties can be overcome under the guidance of the teacher; the applicant shows some inaccuracies in the use of general scientific and professional terminology.


2 «Unsatisfactory»

The applicant has not learned most of the studied material and shows only few fragmentary conceptions, cross-curriculum connections are not traced. The applicant struggle to explain scientific facts and processes; he/she does not able to treat scientific information critically and does not have one's own point or logical reasoning about problematic issues in physics. The fragmentary theoretical statements are not illustrated by one’s own observations or examples from educational practical activity. The applicant does not know the general scientific and professional terminology and has considerable difficulties in answering the clarifying and additional questions of the members of the examination committee.
Questions for the applicants applying for «Theoretical physics» profile.

1. Characteristics of space and time in classical mechanics.

2. Derivation of the Lagrange equations from the Hamiltonian principle.

3. Basic characteristics of the Lagrange function and Lagrange's equations.

4. The Lagrange function of a free particle and a system of interacting particles.

5. Harmonization of the Lagrange function. One-dimensional harmonic oscillator.

6. Energy conservation law.
7. General characteristics of one-dimensional motion.

8. Laws of conservation of momentum and angular momentum.

9. General characteristics of motion in the central field.

10. Derivation of canonical equations from the Hamiltonian principle. Phase space.

11. Integrals of motion and Poisson brackets.

12. Canonical transformations. Generating functions.

13. Liouville's theorem.

14. Postulates of the special theory of relativity.

15. Lorentz transformations for coordinates and velocities.

16. Relativity of spatial and temporal scales. Interval between events.

17. Lorentz transformations in 4-dimensional form. Relativistic energy and momentum.

18. Three-dimensional form of the equations of motion. Lorentz force.

19. Lorentz transformations for the field. Gauge invariance of the electromagnetic field.

20. The first pair of Maxwell's equations.
21. The second pair of Maxwell's equations.

22. The continuity equation. Сharge conservation law.

23. Density and energy flux of the electromagnetic field.

24. The law of conservation of energy and momentum of the electromagnetic field and particles.

25. The wave equation. Monochromatic plane waves.

26. Polarization of plane waves.

27. The problem of definition of the particles’ state. The concept of wave function.

28. The Schrödinger equation.

29. Density of the probability flow. Probability density.

30. Statistical nature of the quantum theory. Simultaneous measurability.

31. The uncertainty relation for two arbitrary physical quantities

32. Motion of a particle in an infinitely deep potential well.

33. Linear self-adjoint operators.

34. The problem of eigenvectors and eigenvalues ​​of a Hermitian operator.

35. Integrals of motion. Quantum Poisson brackets.

36. The operator of the total time derivative.

37. Scalar product of wave functions.

38. Orbital and intrinsic angular momentum of a particle.

39. The concept of micro- and macrostates of equilibrium macroscopic systems.

40. The concept of equilibrium and nonequilibrium thermodynamic processes.

41. The principle of temperature and the principle of entropy. Internal energy. The first law of thermodynamics.

42. Ideal gas model. The concept of absolute temperature and absolute entropy.

43. State equation of ideal gas. The concept of the Carnot cycle.

44. The second law of thermodynamics.

45. Van der Waals equation for gas state.

46. Equation of state of the van der Waals gas.

47. Phase transitions of the first order. Phase equilibrium condition. Clausius–Clapeyron relation.

48. The concept of Gibbs ensemble. Distribution function. Phase mean. Entropy.

49. Gibbs microcanonical distribution. 

50. Gibbs grand canonical ensemble.
51. Bose-Einstein distribution. 

52. Fermi-Dirac distribution.

53. Maxwell-Boltzmann distribution.
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